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APPABATUS AND METHOD FOR ADJUSTING CLOCK SKEW 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

This invention relates to integrated circuit chips and, in particular, to 

differential input bufifers capable of reducing clock signal skew. 

2. DESCRIPTION OF THE RELATED ART 

Internal circuit functions in synchronous integrated circuits, e.g. SDRAM 
chips, are performed in response to transitions of an internal clock signal. Clock 
signals are signals that vary between a low voltage and a high voltage at regular 
intervals and are referenced to a fixed voltage, typically either the low voltage or 
the high voltage. The internal clock signal is derived from an external clock 
signal that has been passed through an input buffer as it enters the integrated 
circuit. The input buffer detects transitions in the external clock signal and 
outputs an internal clock signal, usually at a different reference voltage than the 
external clock signal. 

Some circuits require differential input clock signals at a pair of terminals, 
i.e., signals that vary in opposed fashion. For example, delay stages in many 
delay-locked loops require high-speed, low-skew differential inputs for proper 
operation. Additionally, phase comparators in such delay-locked loops may also 
utilize differential input signals. Because integrated circuit devices that include 
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such delay-locked loops often receive only single-ended signals, the single-ended 
signals often must be converted to differential signals. Thus, the input buffer 
circuit may also produce complimentary internal clock signals where one signal 
follows the external clock signal, and the second signal follows the inverse of the 
external clock signal. 

However, when a buffer circuit produces complimentary output signals, 
the output signals are susceptible to skew. For example, a first data signal 
generated and driven using a first internal clock signal is to be sampled by a 
second data signal driven by a second internal clock signal, the inverse of the first 
internal clock signal. If the two clock signals are skewed, e.g. they are out of 
phase with one another, then the first data signal may arrive too early or too late 
to be sampled by the second data signal. This situation is referred to as a "race 
condition" and is a result of excessive skew between two or more internal clock 
signals. Race conditions can cause an incorrect data value to be read when a data 
signal is sampled since the first data signal is not present when it is to be sampled. 
Therefore, race conditions can cause an integrated circuit to malfiinction. 

One approach to converting a single-ended signal into a differential signal 
is to run a single-ended external clock signal CLK through an inverter to 
produce an inverted signal CLI<\. The noninverted and inverted signals CLK, 
CLI<\ are then output at a pair of terminals as a differential signal. Because of the 
extra path length the inverted signal CLI<\ travels, this signal arrives at the pair of 
terminals slighdy after the noninverted signal CLK. The skew of the two signals 
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is typically on the order of 50 picoseconds or more, even with a very fast inverter. 
Such skew times are unacceptable for some applications, such as very low jitter 
delay locked loops and phase-locked loops. In such circuits, skewed input signals 
can cause instability, drift and jitter in the output signals. 

5 The skew of signals CLK and CLI<\ is illustrated in the timing diagram 

shown in Fig. 8. Signal CLK is low and signal CLK\ is high at time Tl . At time 
Tl, signal CLK transitions to a high state. Signal CLK\ begins to transition to a 
low state at time T2, the same time signal CLK reaches the end of its transition 
to a high state. At time T3, CLK reaches the end of its transition to a low state, 
10 The difference between T2 and T3 represents the skew of the signals CLK and 

CLR\, 

In some cases the external clock signals arrive at an input buffer 
already in complimentary form. Fig. 9 illustrates in circuit diagram form a 
conventional differential input buffer circuit 200 used to produce and drive an 
15 internal clock signal CLK and inverse clock signal CLI<\ from external clock 

signals XCLK and XCLI<\, respectively. The circuit 200 generally comprises an 
input buffer 202 and a pair of clock driver circuits 204, 

A typical input buffer 202 for use in a conventional differential input 
buffer circuit 200 is illustrated in circuit diagram form in Fig. 10. N-channel 
20 transistors 204 and 206 are connected to P-channel input transistors 208 and 

210, respectively, to form a differential amplifier. The common source of P- 
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channel input transistors 208 and 210 is connected to voltage supply V^c 212 
through P-channel transistors 214 and 216. The common drain of N-channel 
input transistors 204 and 206 is connected to ground Y^s 218 through N- 
channel transistor 220. Clock signal CLK on line 222 is coupled to the gate of 
5 P-channel transistors 208 and 210 and N-channel transistors 204 and 206. N- 

channel transistors 226 and 228 are connected to P-channel transistors 230 and 
232, respectively, to form a differential amplifier. The common source of P- 
channel transistors 230 and 232 is connected to positive voltage supply V^c 212 
through P-channel transistors 214 and 216. The common drain of N-channel 
10 input transistors 226 and 228 is connected to ground V^g 218 through N- 

channel transistor 220. Clock signal CLI<\ on line 224 is coupled to the gate of 
P-channel transistors 230 and 232 and N-channel transistors 226 and 228. 

The output of the differential amplifiers at terminals 234 and 236 is 
coupled to the input of a pair of high threshold inverters formed by, respectively, 
P-channel transistors 238, 242, N-channel transistors 240, 244, voltage supplies 
246, 250, and ground points 248, 252. The output of the high threshold 
inverters at terminals 254 and 256 provides internal clock signals CLK and CLK\. 

In operation, when the enabling signal ENi is high, P-channel 
transistor 214 is off and N-channel transistors 258 and 260 are off due to the 
20 inversion of the signal ENi by inverter 262. When control signal ENi goes low, 
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P-channel transistor 214 is on, N-chaimel transistors 258 and 260 are on, and 
the differential amplifier is enabled. 



When XCLK is high, P-channel transistors 208 and 210 are off and 
N-channel transistors 204 and 206 are on. Simultaneously, XCL1<\ is low since it 
is the inverse of XCLK and P-channel transistors 230 and 232 are on and N- 
channel transistors 226 and 228 are off. Therefore, when XCLK is high and 
XCLK\ is low, terminal 234 is driven low, to Vg^, and terminal 236 is driven 
high, to Vcc* When terminal 234 is low, P-channel transistor 238 is on and N- 
channel transistor 240 is off, driving terminal 246 high, to Vcc- When terminal 
236 is high, P-channel transistor 242 is off and N-charmel transistor 244 is on, 
driving terminal 248 low, to V^s- In comparison, when XCLK is low and XCLI<\ 
is high, terminal 234 is high wliich drives terminal 246 low and terminal 236 is 
low which drives terminal 248 high. 

While such a circuit buffers the external clock signals, it does not 
eliminate any pre-existing skew between the external clock signals. In addition, 
though it is useful for the regulated portion of an integrated circuit the resulting 
internal clock signals do not track well with the address and data inputs across 
the circuits operating voltage. Due to the large number and interdependence of 
transistors, the gate loading for this circuit leads to crossing point accuracy 
problems in response to fluctuations in voltage and temperature conditions. 
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Thus, there exists a need for a circuit to produce internal clock signals 
which exhibit less clock signal skew and which track well with address and data 
inputs, and are less susceptible to environmental conditions. 



SUMMARY OF THE INVENTION 

5 The present invention provides a clock signal input circuit that is able to 

provide inverse internal clock signals exhibiting reduced skew which are 
generated by the same input buflfer as the address and data signals on an 
integrated circuit. 

In a preferred embodiment, a skewed external noninverse clock signal and 
10 a corresponding external inverse clock signal are passed through respective 

reference voltage input buffers to produce internal clock signals. The internal 
clock signals are generated by the same input buJSfer as the address and data 
inputs. To reduce skew, back to back inverters are connected to both lines 
carrying the noninverted and inverted internal clock signals from the respective 
15 reference voltage input buffers. The slower internal clock signal has an extra 

inverter driving it when it switches states, e.g. from a high state to a low state, 
and the faster internal clock signal has an extra inverter fighting it when it 
switches states. The skew of the two signals is reduced, allowing for faster 
operation of the integrated circuit and a reduction in error in downstream 
20 circuits using the two signals. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other advantages and features of the invention will 
become more apparent from the detailed description of the preferred 
embodiments of the invention given below with reference to the accompanying 
5 drawings in which: 

Fig, 1 is a block diagram of a clock skew reducing input buffer circuit of 
the present invention; 

Fig. 2 is a schematic diagram of a reference voltage input buffer circuit 
shown in Fig. 1; 

10 Fig. 3 is a schematic diagram of a clock skew reducing circuit shown in 

Fig. 1; 

Fig. 4 is a timing diagram of the operation of the circuit of Fig. 3. 

Fig. 5 is a schematic diagram of a driver circuit shown in Fig. 1; 

Figs. 6a- d are timing diagrams of inverse clock signals undergoing a state 
15 transition. 

Fig. 7 is a block diagram of a memory module employing the preferred 
embodiment of the present invention; 

Fig. 8 is a timing diagram showing the skew between inverse clock signals. 

Fig. 9 is a circuit schematic of a prior art differential input buffer circuit; 
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Fig. 10 is a circuit schematic of a prior art input buffer contained within 
the differential input buffer circuit of Fig. 9; and 

Fig. 1 1 is a block diagram of a processor based system using the memory 
module of Fig. 7, 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

In the following detailed description, reference is made to the 
accompanying drawings which form a part hereof, and in which is shown by way 
of illustration specific embodiments in which the invention may be practiced. 
These embodiments are described in sufficient detail to enable those skilled in 
the art to practice the invention, and it is to be understood that other 
embodiments may be utilized, and that structural, logical and electrical changes 
may be made without departing from the spirit and scope of the present 
invention. Wherever possible, like numerals are used to refer to like elements 
and functions between the different embodiments of the present invention. 

Fig. 1 shows a preferred embodiment of a circuit 5 of the present 
invention which buffers and drives incoming external clock signals CLK, CLI<\ in 
addition to compensating for signal skew variations. The circuit 5 itself may be 
part of an integrated circuit which requires buffered internal clock signals 
exhibiting low skew, e.g. SDRAM chips. 
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The circuit 5 has at least two reference voltage input buffers 10, 11 each 
receiving an external clock signal XCLK and XCLK\ from lines 100, 101, 
respectively, a reference voltage signal Vj^^p from lines 102, 103, respectively, and 
an enable signal ENi from line 104, The reference voltage input buffers 10, 11 
are each connected to clock skew reducer circuit 12 and drivers 14, 15 through 
lines 106, 107 respectively. Drivers 14 and 15 are preferably connected to any 
number of integrated circuit elements known in the art, e.g. a memory array 15. 

A typical reference voltage input buffer 10 which may be used in the 
preferred embodiment of the invention is shown in Fig. 2. For the purposes of 
example, the input buffer 10 for the non-inverse external clock signal XCLK is 
shown, though the input buffer 1 1 for the inverse clock signal XCLI<\ is identical 
in structure and operation. N-channel transistors 18 and 20 are connected to P- 
channel input transistors 22 and 24, respectively, to form a differential amplifier 
25. The common source of P -channel transistors 22 and 24 is connected to 
voltage supply (Vcc) 26 through P-channel transistors 28 and 30. Vcc 26 is the 
internal voltage of the circuit 5. The common source of N-channel input 
transistors 18 and 20 is connected to ground (Vgs) 32 through N-channel 
transistor 34. Reference signal Vr^p on line 102 is coupled to the gate of P- 
channel input transistor 22 and N-channel transistor 18. Vrep is preferably the 
reference voltage for the address and data signal inputs of the integrated circuit 
of which circuit 5 is a portion thereof. The external clock signal XCLK on line 
100 is coupled to the gate of P-channel transistor 24 and N-channel transistor 
20. The output of the differential amplifier 25 at terminal 36 is coupled to the 
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input of a high threshold inverter 37 formed by P-channel transistor 38 and N- 
channel transistors 40 and 42. The output of the high threshold inverter 37 at 
terminal 44 is internal clock signal CLK and is output on line 106. Though one 
particular type of reference voltage input buffer 10 has been described herein, it 
should be understood that any reference voltage input buffer known in the art 
may be substituted. In addition, any differential input buffer known in the art 
may also be substituted for reference voltage input buffer 10. 

Input buffer 1 1 is preferably identical in operation and construction to 
input buffer 11, described above, though it may be any buffer circuit capable of 
buffering an external clock signal to an internal voltage supply (Vcc). Similar to 
input buffer 10, the input buffer 11 receives the external inverse clock signal 
XCLI<\ and buffers the signal to produce an output which is the internal inverse 
clock signal CLI<\. 

In operation, when the enabling signal ENi is high, P-channel 
transistor 28 is off and N-charmel transistor 42 is on. Thus, the differential 
amplifier 25 is disabled, terminal 36 of the differential amplifier 25 is low, 
terminal 44 of the high threshold inverter 37 is high, and, therefore, CLK is held 
high. When control signal ENi goes low, P-channel transistor 28 is on, N- 
chatmel transistor 42 is off, and the differential amplifier 25 is enabled, XCLK is 
then compared with reference signal by P-channel transistors 22 and 24. If 
XCLK is in a high state, having a voltage greater than reference signal Vr£p, P- 
channel input transistor 24 is less conductive than P-channel input transistor 22 
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and the output at terminal 36 goes low. This causes transistor 38 to become 
more conductive, thus driving terminal 44 high to Vcc- If XCLK is in a low 
state, having a lower voltage than reference signal V^ef, terminal 36 will be 
driven high, making N-channel transition 40 more conductive and driving 
terminal 44 low, to ground. This results in CLK on line 106 being held in a low 
state. 

When the input buffers 10, 11, as shown in Fig. 1, are operating to 
buflfer respective incoming signals XCLK and XCLI<\, they provide internal clock 
signals CLK and CLI<\ on respective lines 106, 107. The input buffer 10 for 
incoming signal XCLK will latch when XCLK crosses V^^p, the threshold voltage. 
Similarly, the input buffer 1 1 for incoming signal XCLK\ will latch when XCLK\ 
crosses Vrep. With the use of the relatively low transistor- count reference voltage 
input buffers 10, 11, the dependence of the circuit 5 on adverse environmental 
conditions is decreased. This is a benefit since adverse environmental conditions, 
e.g. high temperatures, can lead to a greater chance of skew and race conditions. 
However, specifications for synchronous circuits base clock transitions upon the 
crossing point of CLK and CLI<\. The input buffers 10, 11 do not reduce the 
skew between the CLK and CLI<\ signals. To accomplish a reduction in skew, a 
clock skew reducing circuit 12 is connected to CLK and CLI<\ output lines 106, 
107 as shown in Figs. 1 and 2. 
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The clock skew reducing circuit 12 is shown in more detail in Fig. 3. 
N-channel transistors 50 and 52 are connected to P-channel transistors 54 and 
56, respectively, to form a pair of back- to-back inverters. The common source of 
P-channel transistors 54 and 56 is connected to voltage supply (Vcc)58, which is 
preferably the same voltage supply as Vcc 26, through P-channel transistor 60, 
gated by enable signal ENi on line 104. The common source of N-channel 
transistors 50 and 52 is connected to ground (Vss)62 through N-channel 
transistor 64, gated by enable signal ENi on line 104 which has been driven 
through inverter 66. 

The CLK signal on line 106 is coupled to the gate of P-channel 
transistor 56 and N-channel transistor 52, the drain of P-channel transistor 54, 
and the source of N-channel transistor 50, The signal CLI<\ on line 107 is 
coupled to the gate of P-channel transistor 54 and N-channel transistor 50, the 
drain of P-channel transistor 56, and the source of N-channel transistor 52, In 
operation, when the enabling signal ENi is high, P-channel transistor 60 is off 
and N-channel transistor 64 is off. Thus, the clock skew reducing circuit 10 is 
disabled. When control signal ENi goes low, P-channel transistor 60 is on and 
N-channel transistor 64 is on which enables the clock skew reducing circuit 12. 

To reduce skew between the signals CLK and CL1<\, the clock skew 
reducing circuit 12 drives the slower signal and inhibits the faster signal in the 
following manner. When two signals are skewed, one is considered "faster" than 
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the other. The term "faster" refers to a comparison of the points in time at 
which the two signals reach a transition, e.g. crossing V^Ep. For example, if signal 
CLK is faster than signal CLI<\, signal CLK will transition, e.g., from a low to 
high state, before CLI<\ transitions, e.g., from a high to low state. Thus, if CLK 
transitions to a high state, P-channel transistor 56 becomes less conductive and 
N-channel transistor 52 becomes more conductive than when CLK was in a low 
state. Simultaneously, CLK\, because it is slower, is still high and P-channel 
transistor 54 has a lower conductivity than N-channel transistor 50. Therefore, 
signal CLK's path through transistors 54, 56, 52, and 50 will be slower than 
signal CLK^'s path through transistors 52, 50, 54, and 56. The transition of the 
first signal, signal CLK in this example, is slower than the transition of the slow 
signal, CLK\. A similar operation occurs if CLK\ is faster than CLK with CLK\ 
being slowed. The output signals CLK and CLI<\ on terminals 68 and 79, 
respectively, exhibit reduced skew due to the use of the skew reducing circuit 12. 

More particularly, operation of the clock skew reducing circuit 12 is 
illustrated in the timing diagram shown in Fig. 4. We again assume for 
discussion that CLK is faster than CLI<\. Signal CLK is low and signal CLI<\ is 
high at time T^ as both signals enter the clock skew reducing circuit 12. A brief 
period after T^, at time T2, signal CLK transitions to a high state. Signal CLR\ 
begins to transition to a low state at time T3. The difference between T2 and T3 
represents the skew of the signals CLK and CLK\ prior to entering the clock 
skew reduction circuit 12. However, skew reducing circuit 12 causes both 
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signals CLK and CLK\ to finish their respective transitions at the same time, T4. 
Even though both signals CLK and CLK\ began their transitions with a skew, 
the operation of the clock skew reducing circuit 12 has greatly reduced or 
eliminated the skew by slowing the transition of signal CLK, the fast signal, and 
speeding the transition of signal CL1<\, the slow signal. Alternatively, if signal 
CLK\ is fast and signal CLK is slow, the clock speed reducing circuit 12 will slow 
the transition of signal CL1<\ and speed the transition of signal CLK. 

Before being transmitted from the circuit 5, the signals CLK and 
CLK\ are preferably passed through driver circuits 14 and 15, respectively, to 
boost signal strength. A typical driver circuit 14 is shown in more detail in Fig. 
5 . Incoming clock signal CLK is passed through a series of at least two inverters 
72 and 74 to terminal 76. The inverters 72 and 74 strengthen the signal CLK, 
More preferably, the driver circuit 14 has a third inverter 78 which outputs a 
signal that gates N-charmel transistor 80. The drain for N-channel transistor 80 
is ground (V^s) 82 and the source is the output of inverter 74. In operation, 
when the signal CLK is high, the N-channel transistor 80 is in an off state and 
the boosted signal CLK at terminal 76 is output on line 108. When the signal 
CLK is low, the N-channel transistor 80 is in an on state and the boosted signal 
CLK at terminal 76 is driven to ground by Vss 82. Though one particular type 
of driver circuit 14 has been described herein, it should be understood that any 
driver circuit known in the art may be substituted. 
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To demonstrate the reduction in skew produced by the present 
invention, two circuits were simulated across four conditions of clock skew. 
Circuit A was a prior art differential input buffer as shown in Figs. 9 and 10 and 
described above and Circuit B was a circuit as depicted in Figs. 1 and 2 and 

5 constructed in accordance with the present invention. The four skew conditions 

are shown in Figs. 6a, 6h^ 6c, and 6d. Fig. 6a shows signal XCLK transitioning 
from a low state to a high state, XCLI<\ transitioning from a high state to a low 
state, Vr£p equal to 1.15 V, and a 200 ps skew between signals XCLK and 
XCLI<\ crossing Vp^p with signal XCLK crossing Vj^p first, thus being the fast 

10 signal. Fig. 6b shows a similar condition with signal XCL1<\ being fast and signal 

XCLK being slow. Fig, 6c shows signal XCLK transitioning from a low state to a 
high state, XCL1<\ transitioning from a high state to a low state, Vj^^p equal to 
1.35 V, and a 200 ps skew between signals XCLK, the fast signal, and XCLI<\, 
the slow signal, crossing Vj^p. Fig. 6d shows a similar condition with signal 

15 XCLI<\ being fast and signal XCLK being slow. To test Circuit A and Circuit B, 

a transmitted data/address signal crossed Vj^^p at the same time that signals 
XCLK and XCL1<\ intersected V^pp. The time difference between the 
data/address signal crossing Vj^p and the signal XCLK crossing Vj^p were 
measured, the results shown in Table 1 below. 



Enviromnental Conditions 


Worst Case Skew Difference 


Skew Difference Worst To Best 




A 


B 


A 


B 




picoseconds 
(ps) 


(ps) 


(ps) 


(ps) 


Vcc ^2.2; Temperature =^ 85 F 


780 


130 


470 


120 


Vcc ==2.2; Temperature = 85 F 


156 


116 


40 


114 


Across Vcc and Temperature 


780 


130 1 


1 660 1 130 1 
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A can be seen from the results in Table 1, the invention, Circuit B, saved 
up to 0.5 ns of the setup/hold window for data/address signals over prior art 
Circuit A. 

The invention is particularly useful in an integrated memory circuit. In 
particular, the input buffer is useful in memory devices, for example in a double 
data rate synchronous dynamic random access memory (DDR SDRAM). 
Typically DDR SDRAM chips employ a delay on address signals to compensate 
for the skew in clock signals. Such a delay could be eliminated through use of 
the present invention. A simplified block diagram of an DDR SDRAM 72 is 
illustrated in Fig. 7. The DDR SDRAM 72 includes an array of memory cells 
74, address circuitry 76 for addressing the memory array, clock skew reducing 
circuit 5, input/output (I/O) buffer circuitry 80 for data input and output, and 
control circuitry 78 for controlling the operation of the DDR SDRAM 72. The 
circuit 5 includes at least the input buffer 10, clock skew reducing circuit 12, and 
driver circuits 14 described above and shown in Figs. 1-4. Also shown in Fig. 7 
is an external processor 82, preferably a microprocessor, which is typically used to 
access memory 72 provide control signals on lines 110, address signals on lines 
112, input/output data on lines 114, and clock signals CLK and CLI<\ on lines 
100, 101, respectively. It will be appreciated by those skilled in the art that the 
DDR SDRAM of Fig. 7 is simplified to illustrate the present invention and is not 
intended to be a detailed description of aU of the features of an DDR SDRAM. 
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The processor 82 and memory 72 may form part of a layer general 
purpose computing system as shown in Fig. 11, Fig, 11 is a block diagram of a 
processor-based system 150 utilizing a memory 72 constructed in accordance 
with one of the embodiments of the present invention. The processor- based 
system 150 may be a computer system, a process control system or any other 
system employing a processor and associated memory. The system 150 includes 
a processor 82, e.g., a microprocessor, that communicates with the memory 72 
and an I/O device 116 over a bus 118. It must be noted that the bus 118 may 
be a series of buses and bridges commonly used in a processor-based system, but 
for convenience purposes only, the bus 118 has been illustrated as a single bus. 
A second I/O device 120 is illustrated, but is not necessary to practice the 
invention. The processor- based system 150 also includes read-only memory 
(ROM) 122 and may include peripheral devices such as a floppy disk drive 124 
and a compact disk (CD) ROM drive 126 that also communicates with the CPU 
82 over the bus 118 as is well known in the art. 

Although the invention has been described with reference to SDRAMS, 
such as regulated DDR SDRAMS, the invention has broader applicability and 
may be used in many integrated circuit applications. The above description and 
drawings illustrate preferred embodiments which achieve the objects, features 
and advantages of the present invention. It is not intended that the present 
invention be limited to the illustrated embodiments. Any modification of the 
present invention which comes within the spirit and scope of the following claims 
should be considered part of the present invention. 
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What is claimed as new and desired to be protected by Letters Patent of 
the United States is: 
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1 . A circuit for reducing signal skew comprising: 

at least a first and second signal input/output line for receiving first and 
second input signals and transmitting first and second output signals; and 

first and second inverters each having an input and an output, said input 
5 of said first inverter connected to said output of said second inverter and to said 

first signal input/output line and said input of said second inverter connected to 
said output of said first inverter and to said second signal input/ output line. 

2. The circuit of claim 1 fiirther comprising an enable circuit for receiving an 
enable signal and enabling or disabling said first and second inverters in response to the 

10 enable signal. 

3. The circuit of claim 2, wherein said enable circuit comprises: 

a first voltage source for supply of a first voltage to said first inverter and 
said second inverter, said first voltage supply being gated to said inverters 
by the enable signal; 

15 an enable inverter for inverting the enabling signal; 

a second voltage source for supplying a second voltage to said second 
inverter and said first inverter, said second voltage source being gated to 
said first and second inverters by the inverted enable signal. 
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4. The circuit of claim 3, wherein said first voltage source is gated by a P- 
channel transistor responsive to the enable signal. 

5. The circuit of claim 3, wherein said second voltage source is gated by a N- 
channel transistor responsive to the inverse of the enable signal. 

6. The circuit of claim 3, wherein said first voltage source is gated by an N- 
channel transistor responsive to the enable signal. 

7. The circuit of claim 3, wherein said second voltage source is gated by an 
P-channel transistor responsive to the inverse of the enable signal. 

8. The circuit of claim 1, further comprising first and second input buffer 
circuits for receiving first and second external signals. 

9. The circuit of claim 8, wherein each of said first and second input buffer 
circuits comprises: 

an input for receiving an external signal; 

an input for receiving a reference voltage signal; 

a differential ampUfier coupled to said input, said differential amplifier 
having an output terminal for providing a latch signal in response to the external 
signal in comparison to the reference voltage signal, the latch signal having a first 
or second state; 
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a buffer circuit inverter connected to said output terminal of said 
differential amplifier, said buffer circuit inverter generating a first internal signal 
when the latch signal is in a first state, and a second internal signal when the latch 
signal is in a second state; and 

5 an input line for transmitting said first or second internal signal, said input 

line connected to one of said first and second signal input/output lines. 

10. The circuit of claim 9, further comprising an enable circuit for receiving 
said enable signal and enabling or disabling said first and second input buffer circuits in 
response to the enable signal. 

10 11. The circuit of claim 1, further comprising a first and second driver circuit 

for boosting said output signal, said first and second driver circuit connected to said first 
and second clock signal input/output lines, respectively. 

12. The circuit of claim 11, wherein at least one of said first and second driver 
circuits comprises at least a first and second driver inverter connected in series. 

15 13. The circuit of claim 12, further comprising at least a third driver inverter 

connected in parallel to said first and second driver inverters, the output of said third 
driver inverter gating the output of said first and second driver inverters to a 
predetermined voltage. 
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14. The circuit of claim 1, wherein each of said first and second inverters are 
comprised of series connected complimentary transistors, the respective connection 
terminal of said series connected complimentary transistors being coupled to respective 
of said input/output lines. 

5 15. The circuit of claim 14, wherein said first and second inverters include: 

a first N-channel transistor coupled in parallel to a second N-channel 
transistor, a gate of said first N-channel transistor coupled to receive said second 
clock input signal, and said second N-channel transistor coupled to receive said 
first clock input signal; 

10 a first P -channel transistor coupled in parallel to a second P -channel 

transistor, a gate of said first P-channel transistor coupled to receive said second 
clock input signal, and said second P-channel transistor coupled to receive said 
first clock input signal; 

said second N-channel transistor coupled in series to said second P- 
15 channel transistor and said first signal input/output line connected between said 

second N-channel transistor and said second P-channel transistor; and 

said first N-channel transistor coupled in series to said first P-channel 
transistor and said second signal input/output line connected between said first 
N-channel transistor and said first P-channel transistor. 
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16. A circuit for reducing clock signal skew comprising: 



at least a first and second clock signal input/output line for receiving first 
and second clock input signals and transmitting first and second internal clock 
signals; 

5 a first N-channel transistor coupled in parallel to a second N-channel 

transistor, a gate of said first N-channel transistor coupled to receive said second 
clock input signal, and said second N-channel transistor coupled to receive said 
first clock input signal; 

a first P-channel transistor coupled in parallel to a second P-channel 
10 transistor, a gate of said first P-channel transistor coupled to receive said second 

clock input signal, and said second P-channel transistor coupled to receive said 
first clock input signal; 

said second N-channel transistor coupled in series to said second P- 
channel transistor and said first signal input/output line connected between said 
15 second N-channel transistor and said second P-channel transistor; and 

said first N-charmel transistor coupled in series to said first P-channel 
transistor and said second signal input/output line connected between said first 
N-channel transistor and said first P-channel transistor. 
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17. The circuit of claim 16, further comprising an enable circuit for receiving 
an enable signal and enabling or disabling said first and second N-channel transistors 
and said first and second P-channel transistors in response to the enable signal. 

18. The circuit of claim 17, wherein said enable circuit comprises: 

5 a third P-channel transistor having a source coupled to a voltage supply, a 

gate coupled to receive the enable signal, and a drain coupled to a source of said 
first and second P-channel transistors; 

an enable inverter for inverting the enable signal; and 

a third N-channel transistor having a drain coupled to a ground, a gate 
10 coupled to receive the inverted enable signal, and a drain coupled to a drain of 

said first and second N-channel transistors. 

19. The circuit of claim 17, wherein said enable circuit comprises: 

a third N-channel transistor having a source coupled to a voltage supply, a 
gate coupled to receive the enable signal, and a drain coupled to a source of said 
15 first and second N-channel transistors; 

an enable inverter for inverting the enable signal; and 
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a third P-channel transistor having a drain coupled to a ground, a gate 
coupled to receive the inverted enable signal, and a drain coupled to a drain of 
said first and second P-channel transistors. 



20. The circuit of claim 16, further comprising first and second input buffer 
5 circuits for receiving first and second external signals. 



21. The circuit of claim 20, wherein each of said first and second input buffer 
circuits comprises: 

an input for receiving an external signal; 

an input for receiving a reference voltage signal; 

10 a diflferential amplifier coupled to said input, said differential amplifier 

having an output terminal for providing a latch signal in response to the external 
signal in comparison to the reference voltage signal, the latch signal having a first 
or second state; 

a buffer circuit inverter connected to said output terminal of said 
15 differential amplifier, said buffer circuit inverter generating a first internal signal 

when the latch signal is in a first state, and a second internal signal when the latch 
signal is in a second state; and 

an input line for transmitting said first or second internal signal, said input 
line connected to one of said first and second signal input/output lines. 
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22. The circuit of claim 21, further comprising an enable circuit for receiving 
said enable signal and enabling or disabling said first and second input buffer circuits in 
response to the enable signal. 

23. The circuit of claim 16, further comprising a first and second driver circuit 
5 for boosting said output signal, said first and second driver circuit connected to said first 

and second clock signal input/output lines, respectively. 

24. The circuit of claim 23, wherein at least one of said first and second driver 
circuits comprises at least a first and second driver inverter connected in series. 

25. The circuit of claim 24, further comprising at least a third driver inverter 
10 connected in parallel to said first and second driver inverters, the output of said third 

driver inverter gating the output of said first and second driver inverters to a 
predetermined voltage. 

26. A circuit for reducing signal skew comprising: 

at least a first and second signal input/output line for receiving first and 
15 second input signals and transmitting first and second output signals; 

first and second inverters each having an input and an output, said input 
of said first inverter connected to said output of said second inverter and to said 
first signal input/output line and said input of said second inverter connected to 
said output of said first inverter and to said second signal input/output line; and 
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a first and second driver circuit for boosting said output signal, said first 
and second driver circuit connected to said first and second clock signal 
input/output lines, respectively. 

27. The circuit of claim 26, fiirther comprising an enable circuit for receiving 
5 an enable signal and enabling or disabling said first and second inverters in response to 

the enable signal. 

28. The circuit of claim 27, wherein said enable circuit comprises: 

a first voltage source for supply of a first voltage to said first inverter and 
said second inverter, said first voltage supply being gated to said inverters 
10 by the enable signal; 

an enable inverter for inverting the enabling signal; 

a second voltage source for supplying a second voltage to said second 
inverter and said first inverter, said second voltage source being gated to 
said inverters by the inverted enable signal. 



15 29. The circuit of claim 28, wherein said first voltage source is gated by a P- 

channel transistor responsive to the enable signal. 
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30. The circuit of claim 28, wherein said second voltage source is gated by a 
N-channel transistor responsive to the inverse of the enable signal. 

31, The circuit of claim 8, wherein said first voltage source is gated by an N- 
channel transistor responsive to the enable signal. 

5 32. The circuit of claim 8, wherein said second voltage source is gated by an 

P-channel transistor responsive to the inverse of the enable signal. 

33. The circuit of claim 26, further comprising first and second input buffer 
circuits for receiving first and second external signals. 

34. The circuit of claim 33, wherein each of said first and second input buffer 
10 circuits comprises: 

an input for receiving an external signal; 

an input for receiving a reference voltage signal; 

a differential amplifier coupled to said iaput, said differential amplifier 
having an output terminal for providing a latch signal in response to the external 
15 signal in comparison to the reference voltage signal, the latch signal having a first 

or second state; 

a buffer circuit inverter connected to said output terminal of said 
differential amplifier, said buffer circuit inverter generating a first internal signal 
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when the latch signal is in a first state, and a second internal signal when the latch 
signal is in a second state; and 

an input line for transmitting said first or second internal signal, said input 
line connected to one of said first and second signal input/output lines, 

5 35, The circuit of claim 34, fiirther comprising an enable circuit for receiving 

said enable signal and enabling or disabling said first and second input buffer circuits in 
response to the enable signal. 

36. The circvdt of claim 26, wherein at least one of said first and second driver 
circuits comprises at least a first and second driver inverter connected in series. 

10 37. The circuit of claim 36, fiirther comprising at least a third driver inverter 

connected in parallel to said first and second driver inverters, the output of said third 
driver inverter gating the output of said first and second driver inverters to a 
predetermined voltage. 

15 38. A circuit for buffering a clock signal comprising: 

a first and second input buffer circuit for receiving a first and second 
external clock signal, respectively, each of said input buffer circuits 
comprising: 
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an input for receiving an external clock signal; 

a differential amplifier coupled to the input, said differential amplifier 
having an output terminal for providing a latch signal in response to the external 
clock signal, the latch signal having a first or second state; and 

5 a first inverter connected to said output terminal, said first inverter 

generating an internal clock signal in response to the latch signal, said first 
inverter generating a first internal clock signal when the latch signal is in a first 
state, and a second internal clock signal when the latch signal is in a second state; 
and 

10 a circuit for reducing skew between the first and second internal clock 

signals, said circuit comprising: 

first and second clock signal input/output lines for receiving and 
transmitting first and second internal clock signals, respectively; and 

at least second and third inverters each having an input and an output, 
15 said input of said second inverter connected to said output of said third inverter 

and to said first clock signal input/output line and said input of said third 
inverter connected to said output of said second inverter and to said second clock 
signal input/output line. 
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39. The circuit of claim 38, further comprising an enable circuit for receiving 
an enable signal and enabling or disabling said first and second input buffer circuit and 
said second and third inverters in response to the enable signal. 

40. The circuit of claim 39, wherein said enable circuit comprises: 

5 a first voltage source for supply of a first voltage to said second inverter 

and said third inverter, said first voltage supply being gated to said 
inverters by the enable signal; 

an enable inverter for inverting the enabling signal; 

a second voltage source for supplying a second voltage to said third 
10 inverter and said second inverter, said second voltage source being gated 

to said inverters by the inverted enable signal. 

41. The circuit of claim 40, wherein said first voltage source is gated by a P- 
channel transistor responsive to the enable signal. 

42. The circuit of claim 40, wherein said second voltage source is gated by a 
15 N-channel transistor responsive to the inverse of the enable signal. 

43. The circuit of claim 40, wherein said first voltage source is gated by an N- 
channel transistor responsive to the enable signal. 
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44. The circuit of claim 40, wherein said second voltage source is gated by an 
P -channel transistor responsive to the inverse of the enable signal. 



45, The circuit of claim 38, further comprising a first and second driver circuit 
for boosting said output signal, said first and second driver circuit connected to said first 

5 and second clock signal input/output lines, respectively. 

46. The circuit of claim 45, wherein at least one of said first and second driver 
circuits comprises at least a first and second driver inverter connected in series. 

47, The circuit of claim 46, further comprising at least a third driver inverter 
connected in parallel to said first and second driver inverters, the output of said third 

10 driver inverter gating the output of said first and second driver inverters to a 
predetermined voltage. 

48. A circuit for buffering a clock signal comprising: 

a first and second input buffer circuit for receiving a first and second 
external clock signal, respectively, each of said input buffer circuits 
15 comprising: 

an input for receiving an external clock signal; 



999917 v3; LFJH031.DOC 



Docket No. M4065.0176/P0176 33 Micron Ref.: 99-0080 

a differential amplifier coupled to the input, said differential 
amplifier having an output terminal for providing a latch signal in response to the 
external clock signal, the latch signal having a first or second state; and 

a first inverter connected to said output terminal, said first inverter 
generating an internal clock signal in response to the latch signal, said first 
inverter generating a first internal clock signal when the latch signal is in a first 
state, and a second internal clock signal when the latch signal is in a second state; 
and 

a circuit for reducing skew between the first and second internal clock 
signals, said circuit comprising: 

first and second clock signal input/output lines for receiving and 
transmitting first and second internal clock signals, respectively; and 

at least second and third inverters each having an input and an 
output, said input of said second inverter connected to said output of said third 
inverter and to said first clock signal input/output line and said input of said 
third inverter connected to said output of said second inverter and to said second 
clock signal input/output line; and 

a first and second driver circuit for boosting said output signal, said first 
and second driver circuit connected to said first and second clock signal 
input/output lines, respectively, 
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49. The circuit of claim 48, further comprising an enable circuit for receiving 
an enable signal and enabling or disabling said first and second input buffer circuit and 
said second and third inverters in response to the enable signal. 

50. The circuit of claim 49, wherein said enable circuit comprises: 

5 a first voltage source for supply of a first voltage to said second inverter 

and said third inverter, said first voltage supply being gated to said 
inverters by the enable signal; 

an enable inverter for inverting the enabling signal; 

a second voltage source for supplying a second voltage to said third 
10 inverter and said second inverter, said second voltage source being gated 

to said inverters by the inverted enable signal, 

51. The circuit of claim 50, wherein said first voltage source is gated by a P- 
channel transistor responsive to the enable signal. 

52. The circuit of claim 50, wherein said second voltage source is gated by a 
15 N- channel transistor responsive to the inverse of the enable signal. 

53. The circuit of claim 50, wherein said first voltage source is gated by an N- 
channel transistor responsive to the enable signal. 
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54. The circuit of claim 50, wherein said second voltage source is gated by an 
P-channel transistor responsive to the inverse of the enable signal. 



55 . The circuit of claim 48, wherein at least one of said first and second driver 
circuits comprises at least a first and second driver inverter connected in series. 

5 56. The circuit of claim 55, fiirther comprising at least a third driver inverter 

connected in parallel to said first and second driver inverters, the output of said third 
driver inverter gating the output of said first and second driver inverters to a 
predetermined voltage. 

57. A synchronous memory device comprising: 

10 an array of memory cells; 

at least one clock input for receiving at least one clock signal and 
for producing first and second internal clock signals; and 

a circuit for reducing skew between the first and second internal clock 
signals, said circuit comprising: 

15 first and second clock signal input/output lines for receiving and 

transmitting first and second internal clock signals, respectively; and 

at least first and second inverters each having an input and an 
output, said input of said first inverter connected to said output of said 
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second inverter and to said first cloclc signal input/ output line and said 
input of said second inverter connected to said output of said first inverter 
and to said second clock signal input/output line. 

58. The synchronous memory device of claim 57, wherein said circuit for 
reducing skew fiirther comprises an enable circuit for receiving an enable signal and 
enabling or disabling said first and second inverters in response to the enable signal, 

59. The synchronous memory device of claim 58, wherein said enable circuit 
comprises: 

a first voltage source for supply of a first voltage to said first inverter and 
said second inverter, said first voltage supply being gated to said inverters 
by the enable signal; 

an enable inverter for inverting the enabling signal; 

a second voltage source for supplying a second voltage to said second 
inverter and said first inverter, said second voltage source being gated to 
said first and second inverters by the inverted enable signal. 

60. The synchronous memory device of claim 59, wherein said first voltage 
source is gated by a P-channel transistor responsive to the enable signal. 
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61. The synchronous memory device of claim 59, wherein said second voltage 
source is gated by a N-channel transistor responsive to the inverse of the enable signal. 

62. The synchronous memory device of claim 59, wherein said first voltage 
source is gated by an N-channel transistor responsive to the enable signal. 

5 63. The synchronous memory device of claim 59, wherein said second voltage 

source is gated by an P-channel transistor responsive to the inverse of the enable signal. 

64. The synchronous memory device of claim 57, further comprising first and 
second input buffer circuits for receiving first and second external signals. 

65. The synchronous memory device of claim 64, wherein each of said first 
10 and second input buffer circuits comprises: 

an input for receiving an external signal; 

an input for receiving a reference voltage signal; 

a differential amplifier coupled to said input, said differential amplifier 
having an output terminal for providing a latch signal in response to the external 
15 signal in comparison to the reference voltage signal, the latch signal having a first 

or second state; 

a buffer circuit inverter connected to said output terminal of said 
differential ampUfier, said buffer circuit inverter generating a first internal signal 
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when the latch signal is in a first state, and a second internal signal when the latch 
signal is in a second state; and 

an input line for transmitting said first or second internal signal, said input 
line connected to one of said first and second signal input/ output lines, 

5 66. The synchronous memory device of claim 65, further comprising an 

enable circuit for receiving said enable signal and enabling or disabling said first and 
second input buffer circuits in response to the enable signal. 

67. The synchronous memory device of claim 57, fiirther comprising a first 
and second driver circuit for boosting said output signal, said first and second driver 

10 circuit connected to said fixst and second clock signal input/output lines, respectively. 

68. The synchronous memory device of claim 67, wherein at least one of said 
first and second driver circuits comprises at least a first and second driver inverter 
connected in series. 

69. The synchronous memory device of claim 68, fiarther comprising at least a 
15 third driver inverter connected in parallel to said first and second driver inverters, the 

output of said third driver inverter gating the output of said first and second driver 
inverters to a predetermined voltage. 

70. A synchronous memory device comprising: 
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a clock input for receiving a clock signal; and 

a clock input buffer comprising: 

a first and second input buffer circuit for receiving a first and 
5 second external clock signal, respectively, each of said input buffer 

circuits comprising: 

an input for receiving an external clock signal; 

a differential amplifier coupled to the input, said differential 
amplifier having an output terminal for providing a latch signal in 
10 response to the external clock signal, the latch signal having a first or 

second state; and 

a first inverter connected to said output terminal, said first 
inverter generating an internal clock signal in response to the latch 
signal, said first inverter generating a first internal clock signal when 
15 tiie latch signal is in a first state, and a second internal clock signal 

when the latch signal is in a second state; and 

a circuit for reducing skew between the first and second internal clock 
signals, said circuit comprising: 
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first and second clock signal input/output lines for receiving and 
transmitting first and second internal clock signals, respectively; and 

at least second and third inverters each having an input and an 
output, said input of said second inverter connected to said output of said 
5 third inverter and to said first clock signal input/ output line and said 

input of said third inverter connected to said output of said second 
inverter and to said second clock signal input/output line. 

71. The synchronous memory device of claim 70, wherein the memory device 
is a synchronous dynamic random access memory (SDRAM). 

10 72. The synchronous memory device of claim 70, fiirther comprising an 

enable circuit for receiving an enable signal and enabling or disabling said first and 
second input buffer circuits and said second and third inverters in response to the enable 
signal. 

73. The synchronous memory device of claim 70, further comprising a first 
15 and second driver circuit for boosting said internal clock signal, said first and second 
driver circuit connected to said first and second clock signal input/output lines, 
respectively. 



999917 v3; LFJH03I.DOC 



^Docket No, M4065.0176/P0176 41 Micron Ref.: 99-0080 

74. The synchronous memory device of claim 73, wherein at least one of said 
first and second driver circuits comprises at least a first and second driver inverter 
connected in series. 

75. The synchronous memory device of claim 73, wherein at least one of said 
first and second driver circuits comprises at least first and second driver inverters 
connected in series and at least a third driver inverter connected in parallel to said first 
and second driver inverters, the output of said third driver inverter gating the output of 
said first and second driver inverters to ground. 

76. A computer system comprising: 
a processor; 

a memory circuit connected to said processor, said memory circuit 
comprising: 

an array of memory cells; 



a clock input for receiving a clock signal; and 



a clock input buffer comprising: 



a first and second input buffer circuit for receiving a first and 
second external clock signal, respectively, each of said input buffer 
circuits comprising: 
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an input for receiving an external clock signal; 



a diflferential amplifier coupled to the input, said differential 
amplifier having an output terminal for providing a latch signal in 
response to the external clock signal, the latch signal having a first or 
second state; and 

a first inverter connected to said output terminal, said first 
inverter generating an internal clock signal in response to the latch 
signal, said first inverter generating a first internal clock signal when 
the latch signal is in a first state, and a second internal clock signal 
when the latch signal is in a second state; and 

a circuit for reducing skew between the first and second internal clock 
signals, said circuit comprising: 

first and second clock signal input/output lines for receiving and 
transmitting first and second internal clock signals, respectively; and 

at least second and third inverters each having an input and an 
output, said input of said second inverter connected to said output of said 
third inverter and to said first clock signal input/ output line and said 
input of said third inverter connected to said output of said second 
inverter and to said second clock signal input/output line. 
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77. The computer system of claim 76, wherein said memory circuit is a 
synchronous dynamic random access memory (SDRAM). 



78. The computer system of claim 76, wherein said memory circuit further 
comprises an enable circuit for receiving an enable signal and enabling or disabling said 

5 first and second input buffer circuits and said second and third inverters in response to 
the enable signal. 

79. The computer system of claim 76, wherein said memory circuit further 
comprises a first and second driver circuit for boosting said internal clock signal, said 
first and second driver circuit connected to said first and second clock signal 

10 input/output lines, respectively. 

80. The computer system of claim 79, wherein at least one of said first and 
second driver circuits comprises at least a first and second driver inverter connected in 
series. 

81. The computer system of claim 79, wherein at least one of said first and 
15 second driver circuits comprises at least first and second driver inverters connected in 

series and at least a third driver inverter connected in parallel to said first and second 
driver inverters, the output of said third driver inverter gating the output of said first 
and second driver inverters to ground. 
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82. A method of generating an internal clock signal in an integrated circuit, 
the method comprising the steps of: 

receiving first and second external clock signals, wherein the 
second external clock signal is an inverse of the first external clock signal 
5 and where there exists a time lag of one of said external clock signals 

relative to the other; and 

modifying the transition of one of said external clock signals 
relative to the other to produce from said external clock signals internal 
clock signals which have reduced skew. 

10 83. The method of claim 82, further comprising the step of buffering each of 

the first and second external clock signals using a reference voltage, 

84. The method of claim 83, wherein said step of modifying the transition of 
one of said buffered external clock signals comprises the step of transmitting each of said 
buffered external clock signals through series connected compKmentary transistors, the 

15 respective connection terminal of said series connected complimentary transistors being 
coupled to respective input/output lines for receiving said first and second external 
clock signals. 

85. The method of claim 83, wherein said step of modifying the transition of 
one of said buffered external clock signals comprises the steps of: 
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speeding tlie transition of said buffered external clock signal having 
a time lag; and 



slowing the transition of the other of said buffered external clock 
signals. 

5 86, The method of claim 82, further comprising the step of driving each of 

said internal clock signals, 

87. The method of claim 82„ wherein said act of receiving first and second 
external clock signals is performed in connection with the operation of a random access 
memory. 

10 88. The method as in claim 87, wherein said random access memory 

comprises a dynamic random access memory. 

89. The method of claim 82, fiirther comprising transmitting said internal 
clock signals to a memory circuit. 

90. The method as in claim 89, wherein said memory circuit comprises a 
15 dynamic random access memory. 

91. A method of generating an internal clock signal in an integrated circuit, 
the method comprising the steps of: 
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receiving first and second external clock signals, wherein the 
second external clock signal is an inverse of the first external clock signal 
and where there exists a time lag of one of said external clock signals 
relative to the other; 

5 buffering each of the first and second external clock signals using a 

reference voltage; 

modifying the transition of one of said buffered external clock 
signals relative to the other to produce from said buffered external clock 
signals internal clock signals which have reduced skew. 

10 92. The method of claim 91, wherein said step of modifying the transition of 

one of said buffered external clock signals comprises the steps of: 

speeding the transition of said buffered external clock signal having 
a time lag; and 

slowing the transition of the other of said buffered external clock 
15 signals. 

93. The method of claim 91, wherein said step of modifying the transition of 
one of said buffered external clock signals comprises the step of transmitting each of said 
buffered external clock signals through series connected complimentary transistors, the 
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respective connection terminal of said series connected complimentary transistors being 
coupled to respective input/output lines for receiving said first and second external 
clock signals. 

94. The method of claim 91, further comprising the step of driving each of 
said internal clock signals. 

95. The method of claim 91, wherein said act of receiving first and second 
external clock signals is performed in connection with the operation of a random access 
memory. 

96. The method of claim 94, wherein said random access memory comprises a 
dynamic random access memory. 

97. The method of claim 91, fiirther comprising transmitting said internal 
clock signals to a memory circuit. 

98. The method as in claim 96, wherein said memory circuit comprises a 
dynamic random access memory. 
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ABSTRACT 

The present invention provides a clock signal input circuit that is able to 
provide inverse internal clock signals generated by the same input buffer as the 
address and data signals which exhibit reduced skew. When a skewed external 

5 noninverse clock signal and a corresponding external inverse clock signal are 

passed through respective reference voltage input buffers there is no reduction in 
skew between the two internal signals. In a preferred embodiment, the invention 
provides back to back inverters connected to both lines carrying the noninverted 
and inverted internal clock signals. The slower internal clock signal has an extra 

10 inverter driving it when it switches states and the faster internal clock signal has 

an extra inverter fighting it when it switches states. The skew of the two signals 
is reduced, allowing for faster operation of the integrated circuit and a reduction 
in misread data signals. 



15 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
nprT.ARATTON FOT^ PATENT APPTJCATION 

As the below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my 

name. 

I believe I am the original, first and sole inventor of the subject matter which is 
claimed and for which a patent is sought on the invention entided: 

APPARATUS AND METHOD FOR ADJUSTING CLOCK SKEW 
The specification of which is attached hereto. 

I hereby state that I have reviewed and understand the contents of the above 
identified specification, including the claims, as amended by an amendment, if any, specifically 
referred to in this oath or declaration. 

I acknowledge the duty to disclose all information known to me which is material 
to patentability as defined in Tide 37, Code of Federal Regulations, § 1.56. 

I hereby claim foreign priority benefits imder Tide 35, United States Code, 
§ 119/365 of any foreign application(s) for patent or inventor's certificate listed below and 
have also identified below any foreign application for patent or inventor's certificate having a 
filing date before that of the application on which priority is claimed: 



Prior Foreign Application(s) 


(Number) 


(Country) 


(Filing 


Date) 


(Number) 


(Coiintry) 


(Filing 


Date) 



Priority 

Not 
Claimed 

□ 
□ 
□ 



(Number) (Country) (Filing Date) 



I hereby claim the benefit under Titie 35, United States Code, § 120/365 of any 
. United States and PCT mtemational application(s) listed below and, insofar as die subject 



1014660 v1; LQX0011.DOC 
1014650 v1; LQXOOH.DOC 



Page 1 



Docket No.: M406S.0176/P176 
Micron No.: 99-0080 



matter of each of the claims of this application is not disclosed in the prior United States 
application in the maimer provided by the first paragraph of Title 35, United States Code, 
§ 112, I acknowledge the duty to disclose all information known to me to be material to 
patentability as defined in Tide 37, Code of Federal Regulations, § 1.56(a) which became 
available between the filing date of the prior application and the national or PCT international 
filing date of this application: 



(Application Serial No.) 


(FiKng Date) 


(Status) 




(patented, pending, abandoned) 


(Application Serial No.) 


(Filing Date) 


(Status) 




(patented, pending, abandoned) 


(Application Serial No.) 


(Filing Date) 


(Status) 




(patented, pending, abandoned) 



I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are beUeved to be true; and fixrther that 
these statements were made with the knowledge that v^fiil false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Tide 18 of the 
United States Code and that such wiUfiil false statements may jeopardize the validity of the 
application or any patent issued thereon. 

Please address all correspondence to Thomas J. D'Amico of Dickstein Shapiro 
Morin & Oshinsky LLP located at 2101 L Street NW, Washington, DC 20037-1526. 
Telephone calls should be made to (202) 785-9700. 

Full name of sole inventor: Christopher K. Morzano 

Inventor's signature: (jj^^L f^^..^^ ^^^y ^^J??? 

Residence: Boise, Idaho ' 
Citizenship: United States of America 
Post OfiBce Address: 2624 Harmony Street 

Boise, ID 83706 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 
Christopher K. Morzano 

Serial No.: Not yet Assigned Group Art Unit: Not yet assigned 

Filed: Herewith Examiner: Not yet Assigned 

For: APPARATUS AND METHOD FOR ADJUSTING CLOCK SKEW 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

POWER OF ATTORNEY BY ASSIGNEE AND 
CERTIFICATE BY ASSIGNEE UNDER 37 CFR § 3.73(b) 

Micron Technology, Inc. , assignee of the entire right, tide and interest in the 
above -identified application by virtue of the assignment attached hereto (which is also 
being submitted concurrentiy for recordation), hereby appoints the attorneys and agents of 
the firm of Dickstein Shapiro Morin & Oshinsky LLP located at 2101 L Street, NW, 
Washington, DC 20037-1526, Hsted as follows: Gary M. Hofl6nan, 26,411; Thomas J. 
D'Amico, 28,371; Donald A, Gregory, 28,954; James W. Brady, Jr., 32,115; Jon D. 
Grossman, 32,699; Mark J. Thronson, 33,082; Laurence D. Fisher, 37^131; John K Fuisz, 
37,327; Brian A. Lemm, P43,748; Gianni Minutoli, 41,198; Eric OUver, 35,307; WilUam 
E. Powell, III, 39,803; and James M, SUbermann, 40,413; and also attorneys Michael L, 
Lynch, 30,871; Lia M. Pappas, 34,095; W, Eric Webostad, 35,406; and Charles B. 
Brantiey, II, 38,086 of Micron Technology, Inc. as its attorneys with fiill power of 
substitution to prosecute this application and to transact all business in the Patent and 
Trademark Office in connection therewith. 
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Serial No.: Not yet assigned 



Docket No.: M4065.150/P150 



The assignee certifies that the above-identified assignment has been reviewed and 



to the best of the assignee's knowledge and belief, title is in the assignee. 



Please direct all correspondence regarding this application to the following: 



Thomas J. D'Amico, Esq. 

Dickstein Shapiro Morin & Oshinsky LLP 

2101 L Street, NW 

Washington, D.C. 20037-1526 

Telephone: (202) 828-2232 

Facsimile: (202) 887-0689 



MICRON TECHNOLOGY, INC. 




Michael L. Lynch 
Chief Patent Counsel 
Registration No. 30,871 



Dated: _^zZ/l^ 
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